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Figure 16. Distribution of sulfate concentrations in water samples from spoil material and pond A.

MW-3B), and sodium potassium sulfate (well
MW-3A).

Nutrients

Nitrate is expressed as nitrogen in
milligrams per liter in this report. All nine of the
monitoring wells had nitrate concentrations
smaller than the detection limit of 0.01 mg/L.
Water in pond A had 0.04 mg/L nitrate. All these
concentrations are less than the State and

Federal primary drinking-water standard of 10
mg/L for nitrate (see table 6).

Ammonia is expressed also as nitrogen in
milligrams per liter in this report. Ammeonia
concentrations ranged from 0.06 mg/L in water
from pond A to 1.7 mg/L in water from well MW-
3A. These concentrations of ammonia, lack of
nitrate, and small dissolved-oxygen concen-
trations indicate that a mildly reducing
environment currently is present in this area.
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Figure 17. Distribution of sulfate concentrations in water samples from Pawnee Limestone.

Phosphorus, reported in milligrams per
liter, ranged from 0.03 mg/L in water from well
MW-1A to 1.0 mg/L in water from well MW-5.

Trace Elements

In addition to major ions, analyses were
conducted for several inorganic trace elements in
water samples from monitoring wells and pond
A. These trace elements were arsenic, barium,
cadmium, chromium, copper, iron, lead,

manganese, mercury, selenium, silver, and zinc.
Of these 12 trace elements, iron, manganese, and
zinc had large concentrations.

Iron concentrations ranged from 10 pg/L
in water from pond A to 25,000 pg/L in water
from well MW-4A (fig. 19). The largest iron
concentrations were detected in water from wells
MW-4A and MW-4B, which are located in the
trash pile, indicating that iron is being derived
from landfill waste or from the chemical action of
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landfill leachate on iron-bearing sediments.
Concentrations of manganese ranged from 120
pg/L in water from well MW-3A to 6,300 pg/L in
water from well MW-4B (fig. 19). Zinc
concentrations were large in water from well
MW-5 (3,600 pg/L) and small (<10 to 30 pg/L) in
the rest of the samples.

Other Inorganic Constituents

Fluoride concentrations were small in
water from pond A and wells MW-1A, MW-1B,

and MW-5 at 0.2 mg/L. Dissolved silica was
smallest at 0.2 mg/L in water from pond A, at an
intermediate concentration of 9.3 mg/L in water
from well MW-5, and at 24 mg/L in water from
well MW-3B, indicating an increase in
concentration with prolonged exposure to aquifer
materials.

Organic Compounds

Analyses were conducted for five groups of
organic compounds. These were volatile organic
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compounds, semivolatile acid-extractable
organic compounds, semivolatile base-neutral
extractable organic compounds, pesticides, and
polychlorinated biphenyls. A complete listing of
compounds in each of these categories is provided
in table 8. Volatile organic compounds were
detected in four of the monitoring-well samples.
No acid-extractable organic compounds, base-
neutral extractable organic compounds,
pesticides, or polychlorinated biphenyls were
detected at or above the detection limits.

Methylene blue active substances (primarily
detergents and surfactants) were detected in the
pond-A water sample and in all well samples,
except in water from well MW-3B. Table 7
contains a listing of all organic compounds
detected and their concentrations in pond-A and
well samples.

Dissolved-organic-carbon (DOC) concen-
trations were determined for water samples from
the nine monitoring wells and for water from
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Table 8. List of organic compounds for which analyses were done

Volatile Organic Compounds

benzene

carbon tetrachloride
chlorodibromomethane
chloroform
1,3-dichlorobenzene
dichlorobromomethane
1,2-dichloroethane
1,2-dichloropropane
trans-1,3-dichloropropene
methyl bromide
methylene chloride
tetrachloroethylene
1,2-trans-dichloroethene
1,1,2-trichloroethane
vinyl chloride

p-xylene

bromoform

chlorobenzene
chloroethane
1,2-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,1-dichloroethylene
cis-1,3-dichloropropene
ethylbenzene

methyl chloride
1,1,2,2-tetrachloroethane
toluene
1,1,1-trichloroethane
trichloroethylene
m-xylene

Semivolatile, Acid Extractable

2,4-dichlorophenol
I,6-dinitro-o-cresol
o-chlorophenol
p-nitrophenol
pentachlorophenol
2,4,6-trichlorophenol

2,4-dimethylphenol
2,4-dinitrophenol
o-nitrophenol
parachlorometa cresol
phenol

Semivolatile, Base-Neutral Extractable

acenaphthene

anthracene

1,2,4- trichlorobenzene
benzo (b) fluoranthene

benzo (g,h,i) perylene

bis (2-chloroethoxy) methane
bis (2-ethylhexyl) phthalate
2-chloronaphthalene

chrysene

diethyl phthalate

di-n-butyl phthalate
2,4-dinitrotoluene

fluorene

hexachlorobenzene
hexachloroethane
naphthalene

phenanthrene

acenaphthylene

benzo (a) anthracene
benzo (a) pyrene

benzo (k) fluoranthene
bis (2-chloroethyl) ether
bis (2-chloroisopropyl) ether
4-bromophenylphenylether
4-chlorophenylphenylether
1,2:5,6-dibenzanthracene
dimethyl phthalate
di-n-octyl phthalate
2,6-dinitrotoluene
fluoranthene
hexachlorobutadiene
indeno (1,2,3-c,d) pyrene
butylbenzyl phthalate
pyrene, total

Landfill-Area Water Quality
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Table 8. List of organic compounds for which analyses were done--Continued

Pesticides

alachlor aldrin
alpha BHC (benzene hexachloride) ametryn
atrazine beta BHC
chlordane cyanazine
delta BHC dieldrin
endosulfan I endosulfan II
endrin endosulfan sulfate
gamma BHC heptachlor
heptachlor epoxide metolachlor
metribuzin p,p' DDD
p,p' DDE p,p' DDT
prometon prometryn
propazine simazine
simetryn toxaphene
trifluralin

Polychlorinated biphenyls (PCBs)
aroclor 1016 aroclor 1221
aroclor 1232 aroclor 1242
aroclor 1248 aroclor 1254
aroclor 1260

pond A. DOC concentrations are reported in
milligrams per liter as carbon (table 7) and are
shown plotted in figure 20. Concentrations
ranged from 1.3 mg/L in water from well MW-3B
to 6.5 mg/L in water from pond A. The expected
range for DOC concentrations in ground water is
0.2 to 15 mg/L, with the median concentration of
0.7 mg/L being the most common (Thurman,
1985). Most ground water does not exceed 2
mg/L (Thurman, 1985). Water in eutrophic
lakes, such as pond A, can range from 3 to 34
mg/L DOC, with the mean concentration being
10 mg/L (Thurman, 1985).

The presence of coal in sediments can
cause a larger-than-normal dissolved-organic-
carbon concentration (Thurman, 1985). DOC
concentrations in water from wells MW-1A, MW-
1B, MW-3B, and MW-5 ranged from 1.3 to 1.7
mg/L and are probably normal for ground water
in coal-mine spoil.

DOC concentrations in water from wells
MW-2A, MW-2B, MW-4A, and MW-4B ranged
from 3.0 to 5.1 mg/L. These wells are positioned
in the trash pile or near the sewage-disposal
location. The larger DOC concentrations in
water from these wells indicate that organic
chemicals are present in larger concentrations in
the ground water and probably are being derived
from landfill wastes. Well MW-3A is an
upgradient well that is screened in the Pawnee
Limestone and had water with a DOC
concentration of 2.8 mg/L. This larger-than-
expected DOC concentration is probably a
reflection of the 0.90 pg/L concentration of
benzene detected in this well as DOC is an
indication of dissolved organic compounds in
water. It also could be caused by water from the
nearby pond A, which had a DOC concentration
of 6.5 mg/L.

Benzene, which is produced by petroleum

40 Hydrogeology and Ground-Water Conditions at the Linn County Landfill, Eastern Kansas, 1988-89



refining, coal-tar distillation, coal processing,
and coal coking, was detected in water from well
MW-3A at 0.90 pg/L, with a detection limit of
0.50 pg/L. Carbon tetrachloride, which is used in
the manufacture of chlorofluoromethanes and in
grain fumigants, fire extinguishers, solvents,
and cleaning agents, was detected in water from

well MW-1B at 1.8 pg/L, with a detection limit of
0.70 pg/L. 1,1 dichloroethane was detected in
water from well MW-2B at 3.0 pg/L and in water
from well MW-4B at 1.4 pg/L. The detection
limit for this compound is 0.50 pg/L. 1,1
dichloroethane is a constituent in paint, varnish,
finish removers, soap, scouring compounds,
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wetting agents, and penetrating agents. It is
used also as a metal degreaser. 1,1,1
trichloroethane, which is used as a solvent for
fats, oils, waxes, and resins, was detected in
water from well MW-2B at the detection limit of
0.70 pg/L. These compounds all indicate the
presence of contamination in water from wells in
which they were detected. None of the concen-
trations of organic chemicals detected exceeded
Kansas primary drinking-water standards or the
Kansas action levels (table 7). However, the
concentrations of benzene, carbon tetrachloride,
and 1,1-dichloroethane exceeded Kansas notifi-
cation levels (table 7).

ANALYSIS OF SAMPLES FROM
PUBLIC-WATER SUPPLIES

Samples from the rural water supply at
the landfill and the city of Prescott water supply
were analyzed to provide background chemical
data for the potable water used during augering
and drilling operations. This was necessary to
ensure that monitoring-well water samples were
representative of ground-water conditions in the
shallow aquifers and had not been altered
chemically by the presence of the potable water.
Water properties and the concentrations of major
ions, nutrients, trace metals, and organic
compounds were analyzed for the public-water
supply samples. The results of analyses are
givenin tables 6 and 7.

Water properties determined for public-
water supply samples were specific conductance,
pH, temperature, turbidity, hardness, alkalinity,
and dissolved-solids concentrations. Specific
conductance was 420 puS/cm in the rural water
supply and 280 pS/cm in Prescott city water.
Specific conductance is a measure of the total ion
concentration in solution based on the ability of
the solution to transmit an electrical current.
The pH of the rural water supply and Prescott
water was 7.6 and 7.8, respectively. Water
temperature was 4.5 °C for the rural water
supply and 7.0 °C for the Prescott water. These
cool temperatures reflect wintertime pipeline
temperatures at shallow ground depths. The
small turbidity values of 0.4 and 0.6 JTU
(Jackson turbidity units) for the rural water
supply and Prescott water, respectively, are a
reflection of the clarity of the water. Hardness
values for the rural water supply and Prescott
water were 210 and 97 mg/L, respectively.

Laboratory alkalinity values were 140 mg/L for
the rural water supply and 80 mg/L for Prescott
water. Dissolved-solids concentrations were 253
mg/L for the rural water supply and 157 mg/L for
Prescott water.

Magjor ion concentrations for the rural
water supply and Prescott water, respectively,
were 75 and 32 mg/L for calcium, 5.7 and 4.1
mg/L for magnesium, 7.9 and 21 mg/L for
sodium, 2 and 3 mg/L for potassium, 60 and 35
mg/L for sulfate, 9.5 and 9.9 mg/L for chloride,
0.9 and 0.2 mg/L for fluoride, and 5.6 and 1.6
mg/L for silica.

Nutrient concentrations were determined
for nitrate, expressed as nitrogen, for both
public-water supply samples, for ammonia,
expressed as nitrogen, for the Prescott water
sample, and for phosphorous for both public-
water supply samples. Nitrate concentrations
were 0.36 mg/L for the rural water supply and
0.14 mg/L for the Prescott water. The ammonia
concentration in the Prescott water was 0.05
mg/L. Phosphorous concentrations were 0.01
and 0.06 mg/L for the rural water supply and
Prescott water, respectively.

Trace-metal concentrations were deter-
mined for iron and manganese in public-water
supply samples. Iron concentrations were 80 and
300 pg/L for the rural water supply and Prescott
water, respectively. Manganese concentrations
were 40 and 20 pg/L for the rural water supply
and Prescott water, respectively.

None of the values of water properties or
concentrations of inorganic constituents
measured exceeded Kansas primary or secondary
drinking-water standards. However, the concen-
tration of iron in the Prescott water (300 pg/L)
equals the Kansas secondary drinking-water
standard for iron. Primary drinking-water
standards are established for compounds that
can have detrimental health effects. Kansas
secondary drinking-water standards are estab-
lished for compounds that can affect the esthetic
qualities of drinking water, such as color or
taste.

The public-water supply samples were
analyzed for the volatile organic compounds
listed in table 8. Of the compounds listed,
chlorodibromomethane was detected at a
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concentration of 2.3 pg/L in the Prescott water;
chloroform as detected at concentrations of 40
and 72 pg/L in the rural water supply and
Prescott water, respectively; and dichloro-
bromomethane was detected at concentrations of
8.4 and 17 pg/L in the rural water supply and
Prescott water, respectively. These three
compounds, known as trihalomethane com-
pounds, are common constituents of water that
has been treated with chlorine (National
Research Council, 1977). Total trihalomethane
concentrations for the rural water supply and
Prescott water are 48.4 and 91.3 pg/L,
respectively. These concentrations are less than
the 100 pg/L Kansas notification and action
levels for total trihalomethane compounds in
drinking water.

A comparison of the public-water supply,
monitoring-well, and surface-water analyses
shows that, in general, water from public-water
supplies may be distinguished from monitoring-
well and surface water by its smaller ion content

(table 6) and the lack of any detectable;

trihalomethane compounds in monitoring-well
water and surface water (table 7). This
comparison also shows that water from public-
water supplies is most similar to water from well
MW-5 and pond A. But because no potable water
was used in the construction of well MW-5 or in
the processing of pond-A samples, this similarity
is coincidental and reflects the fact that the
source of the rural water and Prescott supplies is
lake water (Art Terry, Prescott City Public
Works Department, oral commun., November
1988). It is evident that the potable water
supplies used during drilling operations did not
significantly affect the chemistry of ground-
water or surface-water samples.

EFFECTS OF LANDFILL ON
WATER QUALITY

Four water types have been defined in the
Linn County Landfill area--calcium sulfate,
calcium magnesium sulfate, magnesium calcium
sulfate, and sodium potassium sulfate (fig. 18).
The chemical constituents of the water types all
are contributed predominantly by the local
lithology, with the possible exception of the
sodium and potassium. These two exceptions,
which were detected in abundance in water from
well MW-3A (table 6, fig. 18), may indicate the
presence of water contaminated by landfill

wastes. The distribution of the four water types
within the study area appears to be the result of
a mixing effect of the water from the spoil
material and the bedrock. It may be generalized
that the calcium sulfate type water originates in
the spoil material, and the magnesium calcium
sulfate type water originates in the bedrock. The
calcium magnesium sulfate type water may be a
mix of the two previously mentioned water types.
The sodium potassium sulfate type water may be
the result of contamination by landfill wastes or
ion-exchange processes occurring in the Bandera
Shale.

The Bandera Shale reportedly is not
continuous across the base of the Linn County
Landfill, as discussed previously in the "Landfill
Hydrogeology" section, allowing movement of
ground water between the Pawnee Limestone
and the spoil material. The distributions of
sulfate within the spoil material and the
underlying limestone show similar patterns, as
depicted in figures 16 and 17. This similarity of
distributions may reflect the interaction of the
water between these two units. The sulfate could
originate from sulfate minerals in the limestone
or in the spoil.

The largest concentrations of iron and
manganese both within the spoil material and
within the Pawnee Limestone occur in the same
area (fig. 19), which suggests interaction of
water between these two units. The larger
concentrations of iron and manganese probably
result from chemical reactions between landfill
leachate and iron and manganese oxides in rocks
and sediments. Iron and manganese also may be
derived from landfill wastes. The distribution of
organic compounds (table 7) and dissolved
organic carbon (table 7, fig. 20) indicates that
organic compounds are being derived from
landfill wastes. The largest concentrations of
dissolved organic carbon within the spoil
material and the Pawnee Limestone occur in the
same area, which further supports the concept of
interaction of water between the spoil material
and the Pawnee Limestone.

On the basis of the similarity in
distribution patterns for sulfate, iron,
manganese, and dissolved organic carbon in the
spoil material and the Pawnee Limestone and
the probable leachate-related source of iron,
manganese, and organic compounds, it is evident
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that leachate contaminated ground water is
present in the Pawnee Limestone. This is
contrary to the general upward flow of ground
water indicated by water-level measurements
(figs. 13 A, B). The most reasonable explanation
is that, during periods of intense rainfall, the net
movement of ground water is downward from the
spoil material into the Pawnee Limestone, and
this could account for the presence of leachate-
contaminated ground water in the Pawnee
Limestone.

Water traveling through limestone
fracture systems may not benefit from the
natural removal of some leachate constituents as
would water passing through an aquifer
containing unconsolidated materials. Leachate-
contaminated ground water also may flow from
the spoil material into surrounding bedrock
aquifers at the perimeters of the spoil pile where
spoil contacts truncated bedrock aquifers. The
dominant flow direction (from the spoil into the
bedrock or from the bedrock into the spoil) could
change seasonally with precipitation. At times
of water-level measurement, the direction of
ground-water flow in spoil material and the
Pawnee Limestone indicated that leachate-
contaminated ground water has the potential to
move offsite west of the active landfill area. Use
of the northeastern part of the landfill-expansion
area for trash disposal could result in the
migration of leachate northeasterly toward the
ponds that bound the northern and northeastern
edges of the strip-mined area.

The presence of methylene blue active
substances (MBAS), which generally are derived
from detergents, is indicated for the pond-A
water sample and all monitoring-well samples
except well MW-3B (table 7). However, it should
be noted that the presence of MBAS at
concentrations less than 0.5 mg/L also may be
the result of chemical interferences during
analysis; therefore, the indicated presence of
MBAS in water from pond A and wells MW-1A,
MW-1B, MW-2A, MW-2B, and MW-5 may not be
significant. However, the concentration of MBAS
in water from wells MW4A and MW-4B, located
in the trash pile, is significantly larger than the
rest of the samples.

Of the major ions and inorganic trace
elements detected, it appears that these are
derived mainly from the local bedrock and spoil

material although the landfill trash is likely
contributing to the concentrations at a nearly
indistinguishable level. Major ion and trace-
element concentrations are affected by local
water pH, lithology, trash, bacteria, available
oxygen, and various other factors. Lithology
appears to be the dominate factor in this
situation. Iron, manganese, and dissolved
organic carbon seem to originate from the trash
pile and might prove useful as tracers for
determining leachate movement.

SUMMARY AND CONCLUSIONS

A cooperative investigation of the
hydrogeology and ground-water quality in the
vicinity of the Linn County Landfill near
Prescott, Kansas, was undertaken from July
1988 through June 1989. The Linn County
Landfill is located in an area that has been strip
mined for coal. The effect of the mining
activities was to create a flat-bottomed basin
filled with strip-mine spoil, bounded at the edges
by undisturbed bedrock. Near-surface bedrock
adjacent to the strip-mined area consists of
Pawnee Limestone overlain by Bandera Shale.
Within the strip-mined area, mine spoil is
underlain by about 3 feet of Bandera Shale and
then by the Pawnee Limestone. Quarrying of the
Pawnee Limestone for road material at places
within the strip-mined area would have placed
strip-mine spoil in superposition to the Pawnee
Limestone.

Nine temporary wells were installed, and
water-level measuring points were established
on nearby surface-water bodies to determine the
direction of ground-water flow. Nine monitoring
wells then were installed in positions
upgradient, in, and downgradient of the landfill.

The hydrogeology of the landfill area is
complicated by lateral and vertical variability in
sediment and rock type. Factors affecting the
flow of water in the spoil material include the
north-south county road, which retards shallow,
lateral ground-water flow; the surface ponds;
and, possibly, seasonal variations in precipi-
tation. In the spoil material, ground water flows
southwest except in the northeastern part of the
landfill-expansion area where it flows northeast.
In the underlying Pawnee Limestone, ground
water flows southwest in the vicinity of the
landfill. At the times of water-level
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measurement, an upward hydraulic gradient
prevailed between the Pawnee Limestone and
the spoil material. However, during periods of
intensive rainfall, the hydraulic gradient may be
reversed.

Chemical analyses of water samples were
conducted for inorganic and organic compounds.
Major ion concentrations indicate the presence of
four water types in the landfill area. These types
are: (1) calcium sulfate, (2) calcium magnesium
sulfate, (3) magnesium calcium sulfate, and (4)
sodium potassium sulfate. The distribution of
these water types indicates that calcium sulfate
type water is found in the spoil material, and
magnesium calcium sulfate type water is found
in the bedrock. Calcium magnesium sulfate type
water may be a mix of water from spoil material
and bedrock, and the sodium potassium sulfate
type water may be the result of contamination by
landfill wastes or cation-exchange processes in
local shale.

Of the trace elements, iron and
manganese seem to be good indicators of the
presence of leachate-contaminated ground water.
The largest iron concentrations were detected in
water from well MW-4A, and the largest
manganese concentrations were detected in
water from well MW-4B. These were the wells
that penetrated landfill wastes.

Dissolved organic carbon was detected in
all water samples at normal background and
larger concentrations. The largest concentra-
tions were detected in water from wells MW-2A,
MW-2B, MW-4A, and MW-4B, reflecting the
proximity of these wells to the liquid septic-tank
disposal location and to solid wastes. Volatile
organic compounds were detected in water from
several wells. Benzene was detected in water
from well MW-3A, and carbon tetrachloride was
detected in water from well MW-1B. 1,1
dichloroethane was detected in water from wells
MW-2B and MW-4B, and 1,1,1 trichloroethane
was detected in water from well MW-2B.

The similarity in the distribution of
concentrations of sulfate, iron, manganese, and
dissolved organic carbon in the spoil material
and the Pawnee Limestone may result from
downward ground-water flow from the spoil
material to the Pawnee Limestone during
periods of intense rainfall. Leachate-contam-

inated ground water could flow southwest, west,
or northwest from the southwest corner of the
landfill. The extent of offsite leachate migration
could be determined by installation of offsite
wells. Use of the northeast part of the landfill
extension for waste disposal could result in the
contamination of surface pond B because of the
northeastward flow of ground water in this area.
Determinations of hydrologic conditions in the
landfill-expansion area could be refined by
installing drive-point wells in this area.

Continued yearly analyses of selected
inorganic and organic constituents would
provide long-term information on the effects of
the landfill on water quality. Frequent or
continuous water-level measurements would
provide an increased understanding of seasonal
fluctuations in ground-water levels and the
direction of ground-water movement. To
determine the extent and route of leachate
migration from the current landfill area,
additional wells could be installed west and
southwest of the landfill.
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